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FRAME HATE CONTROl. SYSTEM AJSD METHOD 

[0001] This application dahtts Ifte bcuefit of co-pending Uinted States 
provisional appliootioa S«ial No. 60/358,432, entitled "GRAPHICAL 
FRAME BATE CONmOLLER," fitod Febniary 19. 2002, and Uiiited Sates 
iitiHly application Serial No, 10/087,450, caitiU«i 'FRAME KATE CONTROL 
SYSTEM AND METHOD,** filed Febtuaiy 28, 2002, 

BACKGROUND 

Field Of Tlio Inventioji 

(00021 Aspects oftho ])rese»t invention relate geaerally to convereion 
of data signals Ibr vidt» display d<?vices. and more pottictitarly lo a eystom and 
method of controlling the frame rate of signals for a video display device. 

Description Of The Helated Art 

10003] Conventional personal con^nitcn; C**Cs) «^ 
computenzod syBtcms arc typically coupled lo one or more monitoca or other 
oatput devices which siro configured to display text and grapkidL In 
opcrationt a PC ca* other coroputM totminat gcnetoUy outputs atiatog signals to 
a TOomtwr or dtJsplay appaiatos; these analog aigonls typically comprise several 
camponenis such as red (R), green (G), and blue (B) consUment video aignala, 
at» well as veitieal and horizontal video synchronizatJOT signals O^sytic and 
Hsync respectively). In acconlance with current technology* the rosoiudou of 
the display image and the frame rate or nsSresh mte (Le. the frequency at wbidi 
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the display data aie TBlVfiiOiecl) sure establislied by the dndl0]{ sijjnals^ whicii dro 
cpnvcrtcd by appropriate circiutry to digital sigmils upon reception at the 
display device. 

(0004] Conseq^ki^ntly^ v^ous charactcdsdcs of tbe display rc^lutkm 
and the &amG rate may be predetexmined or selectively controlled by the PC 
or at&or source of tho analog signals. Typical hardware and system 
configurations Attempt to create analog signals 9uch tbat the selected imago 
chaiacteristics correspond to the capabilities of the display panel or n^onitor. 

[0005] Ttadi!i<mal cathode ray tabe (CRT) technology implements all 
of the constituout (R» G, and B) video stgnalx^ as well as both the Vsync and 
H^ync signals* to produce an image for display; CRT di^^lays support niultiplo 
ftame rates aoH are rendily oonfigimible to display a bitmd lac^ of image 
rcs6)utaon& In contrast, liquid crystal ditsplay (LCD) pimels generally only 
support a gf ngle image resohition and are limited to a iianow range of refresh 
rates reliOive to the range supported by typical CRT monitoits. 

[0006] Accordingly, hardware in^lementations providing txaditional 
analog video signal output to LCD panels are Innited try conventional 
technology in at least tiie following nsspeota: die (ratno rule of the source 
image specified by the source analog signal may differ fbom the foixne rates 
supported by the LCD panel; tiie source image resolution may dilTcr from the 
resolution supported by the LCD pantd; or both. 

[0007] Minimizing or eliminating discrepancies between the source 
analog signal image characteristics and tlic capabilities of the display 
appamtoa require costly hardware modifications or involve manipulation of 
the niUore of the image or the ^Qrame rate^ or both. For example* incompatible 
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hardware combinations may jreqvsi/re tliat image resohxticm be scaled^ in which 
case the aspect ratio of the source image may be toat durmg rBsolotioii 
ccmv«x$]oii; oddxtioiuUly or ii]temativ«ly> a B&sm bulToar ct other Iwrdware 
dlemeni^ mtiy be required to synchzoziize display ou^ut with tbo irarn^ rate of 
the source analog signal. Current tcdcbnology fail^ adequately to address these 
coniplioatioxia. 

BRIEF DESCRlPTIOISf OF THE DRAWINGS 

[000&] FIG, 1 is a simpJiQed block dingnuD illuEtraling oiu; 
orabodunent of a ihmie rate contiol system. 

[000.9] FIG. 2 is a simplified How diagram iUustrattng the general 
<^eraiion of one embodiment of a irame rate control method. 

PJeXACLSP DESCRIPTION 

[0010] HxabodimcDte of the present invention overconLo various 
shoitcomii2gst of eojaventional technology, providinj^ a system ami method of 
controlling the findnto rate of video eignala tran«eiitted to a video diaplay such 
as may be cmpioyed in consiputeijuced systems. In accordance wi& one aspect 
of the present invention, ihr example, a fizst'^in/Srst-oiit (FIFO) tcsmc rate 
contn^ strategy may minimize comphcations in systems utilizing analog 
image source signals in conjunction with LCD panels. 

[0011] A 'frame rate control systeni and me&od may dynamically 
actj list the frequency at which data are read out of a frame baffor. accounliqg 
for any Bcmno rate diflbrcnces between iho source rmaiso data signal and the 
de$;tination display dovioe. AdditionRlly» resohitton of thb output image may 
l>e adjusted to conlbmi with the capabilities of the display apparatus. 
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{0012] The foregoiAg and other aspects of various embodimeau of the 
present inveDUm will be i^parent through oxamination of the Allowing 
detailed descnption ihmof in conjuuction with the accompanying drawings. 

[0013] Turning now to (ho drawings, FIO. 1 is a simpUiied block 
dia^ani iUustrating one embotUinent of a Irame ralo control system. The 
exemplaiy FIG. 1 rale control system 100 gancmlly compdsos: a FIFO 
buffer 180; "write control (111) aud read. control (112) components both of 
which ore coupled to an overfiowAmderflow detector 120; a micropioccsaor 
130; frequency control component such as a phase locked loop (1>tX) 140; and 
a scaler component ISO. As illustrated in FIG. 1» system 1 00 may be coupled 
to a data ^uico 197, fbom which data signals may be converted throu^^ an 
analog' to digital conveitei' (ADQ) 198^ aud tu a diq>lay appsiralus such aa aa 
LCD panel 199. 

|0014| A& is generally known in the art. data aource 197 may be a 
pccvuxud cuffiiputer (PC) or woskstation, a laptop or nuotebook computer, a 
personal digital assiidant (PDAX ^ wireless ot wtre-Hne lelephane^ or any 
other compaterized or electronic device confignred to provide graphical image 
or text data for display. Analog aouzce image data transmitted Ihnn data 
souxce 197 maybe converted to digital signals by ADC 198; various methods 
of converting data aio generally Icnuwn in the art, m are many 
impl^entsilinns of ADC 198. The presEvit cfisclosure is not intended to he 
limited by the specific nature or constitution of eittier data source 197 or ADC 
19S. 

[HOIS) FIFO buffer 180 may be any suitable data storage medium fbr 
storing or buffeiing data; data buifcrs and Hturage media comprising 
addrc&4h]e memory locations, for example, are generally known in the art In 
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some embodunents. buffer 180 may be selectively expandable or scalable to h 
desired capacity; additionally or altemativDly, buffer 180 may be implomented 
as a removable card or memory ohq». In this latter embodiment, for example, 
an ]]}adequaie or inappropriate buifer 180 may be removed ih>m syRtem 100 
and replaced wxtb another bufifer having a desired eapacity or performance 
charactensUca. 

(OOKSJ Conveited source image data may be transmitted from ADC 



19S to FIFO write oanirol component ill, for example^ Uuough an 



component 111 may continuously (le. without intemiptton) write source data 
into FIFO buffer 180. Id some embodimonts^ write control component III 
may xcueive a vortical syni^mxii^satioa (Vsync) aignal. Hid Vsync ai^al may 
accurately reflect the characteristics or nature of the Vsync component of the 
original analog signal; alternatively, the Vsyno component of the ongiiial 
analog source signal may be modified* aa^lified, or othonvise proceissed prior 
to or during transmission to write control component 111. In the HO^ 1 
embodiment^ "die Vsync signal input may enable write control con^onent 111 
to dctonnino the beginning of an image Scame, which may fooilitote write 
operations^ 

10017] FIFO read control component 112 may cocntmuously read 
somce image data from buO^ ISO; reiMi control component 112 may be 
selectively operable, responsive to a display clock (disp^clk) signal, to read 
data at a desired clock mte or fireqaency. Jt will be appreciated by those of 
skill in the art that the disp_clk signal may be generated by any suitable 
frequency controller or frequency adjusting circuit elemeut sudi as PXJL 140. 
Ja operation, disp^clk may generally be manipulated such that read control 



i^lpiir^matc source si 



interfiicc (not shown). In operation, write control 
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componeoit 112 is opcxable to read data &om buffer ISO at a frequency within 
tlie-range of refresh rates supportol by tho destination LCD panel 199 or other 
video output a|»paratiis. 

[001 ft] As indicated in KG. 1» during data wnte and read operatiozis» a 
write pointer and a read pointer, respectively, may be updated by each 
respective control coniponeait 111, 112. By compazine ^ poiaters, 
overflow/underflow detector 1 20 may ascertain whether a buffer o vorflow or a 
buffer underflow has occurred. In that regard, dcloctor 120 may be configured 
to output an aspp r opriate siguol iti^oosive to an overflow conditioa and to 
output a diiibcwit signal responsive to an undernow candilion. If either an 
overflow or an underflow is detected, ouiput fiom overflowAuidecflow 
detector 120 may be iian»nitted to miotoprocessor 130. 

{0019} Responsiv^e to data signals received Ihxm detector 120 and 
other 'infojtcnation, microprocessor 130 may be itoleetively opexative to 
pmgtam or othorwise to reconfigure ¥LL 140; accordingly* a new dispj;;1k 
signal may bo generated U> rectify or to mitij^te any detected overflow or 
underflow condition. It will be appredated that micrcpioceasor 130 may be 
embodied in any auitable microconixoller or miorocontputcr known in Ae arL 

(0020] In the ^regoing manner^ a system and method of frame rate 
control may dynamically adjust Ibo irei^uciacy at which d»ta are read out of 
FIFO bu£fer 1 80, accounting for my fVamo rato diffoences between the source 
intage data signal and the destination display device^ anxl conectiag a buffo 
overflow condition or a buffer underflow condition* Contmuoua operation of 
write and i^ad control coniponents 111, 112 may ensure that data ore not losiU 
Le. every frame of data is written to and read &ota FJl'O bufTrar 180. 
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[1)021] For example, if the ROinnce imfige C^Source Data" the left side 
of HG. 1) is coming in fa^icr ihm the display infoiinadon C^splay Data*' at 
the light side of FIG. 1) is being setit to LCD panel 199 {Le. the source imago 
data arc wiittea to biifTer L80 at a higher frequency than the data axo road out 
of bu£Ebr ISO), detector 12Q may idcoxtify a discrepancy ui tho write and read 
pointers fepreseiitative ofaix overCLovv condilloti; tlie firequcaioy of tiie dispjulk 
signal may be increased appnc^Hriately, iucreasing the ircqiiency at which data 
aie read out of bu£E%x ISO. Ahematively, if tlie sotirce Image is coming in 
slower than tho display inftanation ia being sent to LCD pand 199 (ie. tite 
source image data arc written to buffer ISO at a lower fipoqucncy than iho data 
are read Out of buffer ISO), det?Bctor 120 may idontily a discrepancy in tho 
write and road pointers reprcsisat&tivo of an underilow condition. In this ease, 
iho fiei|tt«sucy of the diupj&lk signal may bo decreased uipiMOiptiately, 
decreasing the ^aqiiency at wiiich data are read out of buifar 180. 

[0(k22] In the emnploEy HG. 1 embodiment, system 100 includes a 
sealer 150 cofnflgurod to totopolato and to extrapolate data transmitted irom 
read coatroi component 1 1 2» Scaler 1 50 may interpolate or extrapolate data in 
both the horizontal and the vMical dircctiona; in accordance with this 
embodiment, scalar 150 may either add or delete data to create a display data 
signal based upon one or more picdet(»mined or dynamically revested 
soaHng algorithms. In that regard, sealer 150- may apply aoaliag algori13mia 
generally known in the art or developed and operative in accordance with 
known principles. The foregoing strategy may enable a system and method of 
ftame rate control dynamicaJiy to adjust or la modify tho resolution of the 
output image to coofoim with the capabihties or requirements of display 
^pniatiis. 
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[0023] For example, during scalitig up {Le. incce^ing image 
rosolution} pjDcedurBs» scaler 150 may add data to the source image data fi>r 
display at destdnatiun devices such as LCD 199; in ibis ixuitaitce> the disp_ctk 
signal frequency may be incxeased to accommodate piocessiqg time required 
Ibr augmenting the signal with isddltional data. Alternatively, for scaling 
down, scaler 150 may delete data from the source image such that the image 
transmitted to Ihe destination display is of lower resolution than the source; in 
this histaoce, the frequency of the dis^_cik signal may bo reduced. 

[€024] It will bo a]>preciated that the iDudtratod dLcmcntd of systsvn 100 
may be implemented as haidwaze components or software modules^ for 
example:, and may be embodied in one or more devices; the elemeots' 
respective fUucUonaility set foilh above may bo facilitated by lumlwaru or 
£Lrmware instnicttou sets^ for instance, or by soiVwave ptrogramxaing code. In 
Uiat legsird* conxpuler ese&utablc Bofhvsrc instructions and bther data may be 
encoded on a coinputor readsible medium (not shown) and allow hardware 
elements such as illustrated in FIG. 1 to cooperate as set forth in detail herein. 
In some lmpl0mGntation&, scMne or all of Iho components of system 100 may 
be incojfporated into a single hardware om d or board whioh may bo installed at 
or coupled to data source 197; alternatively^ some or all of tiio functionality of 
system 100 may be incpiporafccd in the dusdnation video display apparatus 
such as LCD 199. 

(UU25J FIG. 2 is a simplified flow diagram illustrating the genial 
operation of one embodiment of a fhnno rate control method. As set £>rdi in 
detail above with reference to FIG. 1 and as indicated at block 201 iiiFIG.2.d 
frame rate control system may receive video frame source data. As noted 
above, soureo datst may be in analog form even in conligimitiom where the 
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destmatitm display device requires digitol signals; consequently, axialog to 
digital convemon of 60iirca data iiuiy be x^uired in some ernbodimentif. 
Alternatively^ appropnate hantwaie and soAwace coinpoiieiits piovidsng 
aspects of frame rate poixtrai functionality may be integrated with the icourcc 
device; in such on ahemotive embodim^t, a fraine rote cantol system may bo 
responsibto, Q!t least in port^ for genomLmg the aourcc data* 

i0026] In the FIG. 2 embodimwt; ^propziate hurdware and GoAware 
elements may enable a frame rate control systom to ascertain whether a sotixce 
data signal axriving at a source signal int^iacc is analog in fotm, as indicated 
at decision block 211, If the source data are provided jn an analog signal, 
appropriate ADC citcintry may convert the sonrce dnta. as required (block 
212); if the data are provided in a digital signal^ however, the sounie digital 
e^ij^sd nmy bo tianMniltied without oanversioTii. 

10027] Digital video firame soui:cg data may be fodrwarded to a FIFO 
write control component as indicated at block 202. As set fbvtii above» a wiite 
control Gomponont (such as represented by r^erence numeral 111 in HG. 1) 
may jEMOvidc useful refbrence infonnation in a dynamically adjustable iranie 
rate control syjsletn* In that reg^rd^ a write control component may write data 
to a suitable bu£fbr or other data stmcture^ and may additionally update a write 
poiiiter as indicated at block 203; in some embodimeatt&i the write pointer may 
be updated sit eadi wxtte operation^ The write control ceanponent may execute 
the operations indicated at block 203 at a predetemnined or selected image 
source signal frequency, which may be detemiined by the .source device. 

[flD2S] Rend control .functionality may be iDidKlated by read control 
component 112 in HQ. 1; in the FIG. 2 embodimeni, a read control 
component may be imtiolized or otherwise configured (block 204) to cporatc 
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at a particular road, or display, frequency. Data may be read from the buffer at 
a predelonnmcd ca- a selected /miuency, and a read pointer may be i^ated as 
iiidicatod at block 205; as with tka write poiDtor. tho road pointer may be 
updated at each read operation. As set ^rth in detail above» the reacl 
Aequenoy may be dynamically adjustable tcsponsive to a cornparison of the 
wtil^ and read pointere. 

[0029.1 lt.^1 be s^predated that the write control (111) and read 
oontrol (112) components iUustnited in FIQ. I, as well as their respective 
fiinoiionality rcprcscaatod at blocks 203 and 205, ujay ho integrated into a 
single hardware coinponcnt or module; such a multiftoetion hardware etement 
iruiy be embodied in a removable card chip, for example, ^icih'tating repair 
or xt^lacement of wiitc/kvad control as ap^oprisLts for overall system 
reqidtcments. la the FIG. I «nibodiLmctit wlwire write and read control oio 
separately Implemecrted in independent hardware,, one or both of control 
oon^jojoems 11 1. 112 may be enibodied in removable or leplacoablo haidware 
chips or boards such that write and read functionality may be ind€i>eDde(ntly 
upgraded wil9i new or inqno ved hardware. 

[0030] A inane rate control system may csomparo the updated write 
pointer with the updated read pointer as indicated at block 206. Cotx^anson 
of wiite and read pointeis^ as well as respective updats infotmation, may 
enable an acourate assessmeat of the flow of data Into and out of the buGer. 
Those of skill in the art will appreciate that relevant information related to 
each pointer may be updated with each respective write and read operation. 
Such information may include the volume or size of each data Irama 
(ineiisured, tor exampie^ in terms of bytes or ti)e number of allocated memoiy 
addressesX buffer addresses occupied by each £tmie or portion thereof, time 
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Stamp tnlbtmation dissociated with e<ich write and read> atid the like. The 
speciHe amotmt and nature of iMojrmation related to each wtte and read 
pointer may bo a iunotion of overall ^6tetn requirements, md may be 
modified to suit particular applieatious. 

(0031] In paiticul^ir, a £ramo xalo control system and mcihod may 
measure the Tute at which data £ramed are writton to the hufTar (La, Imago 
source signal ircquency) relative to the rale at which data ftames ore read Skom 
tto but£sr (i,e. read &equency). Based upon a comparison ot inlbnnation 
related to wite pointers and read pointens* for example, a buffer overflow or 
ondocfLow condition may be detected as ixidicsted at decision block 221. 

[00321 Rc$pO])isrve to a detenninatton of overflow or nndexfbw^ a 
itame rate control systesm may appropriately acQust the dispjcJk ftequenoy 
(block 222). Aa indicated by the dashed line in HG« 2, the disp_cJk firequoncy 
may iaoiiitato configuration of (he read conbol oomponeiit; oa set fbith in 
detail above* audi conflginatira may employ a ftequcooy control element 
(such as a PLX^ ibr example) under control of a microprocessor. Aecoidingly, 
the read ilrequency may be dytianoicalty ocyusted as a fimcdoa of bu£l^ 
overBow or underflow, and the bufifer overflow or underflow may be 
corrected. 

[0033] A display signal output may bo tranatmtted to the deattnation 
display device at block 208 following any scaling^ which may be optional for 
Bxampley or Uicc^sitated by resolution lequireoients of the display device, Xn 
that retgard, a £ramc tnte control ayat^n may selectively apply one or mora 
suitable scaling aJgonthms (block 207) operative to adjust reaolation of the 
display image to a resolution stipported by ttxe display, Le. the system may 
madify the soorcc data, to conform with the capabilities of the display 
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apparatus. Where the scaling algorithra roquires aikiing data to the sowce 
dBU^ Cbo display flcquency may be increased accordingly; couvor^oly* where 
the scaliiig algorithm requires deleting data firoin the souice data, the display 
fi^equency may bo decreased. As sot forQi in detail ahovc, ordinaiy operation 
of tiia write and read control conipanonts may accoool ibr scaling or resolution 
modification process overhead, adjusting the irequency with which data 
frames are read trom the buffer as a Jftinction of a coinparison of the 
apim>priate write and readpoiutears. 

[0034] It will be appreciated that the FIG. 2 embodiment i« epceanptory, 
and ihai the specific order of the ilhistratcd opemtions is not intended to be 
constitted In any limiting sexise> le. the representation of the blocks InFIQ. 2 
is not ibtendcd to imply a particular OTdci of operalionfi to the excUisiou of 
other possibilities. For example* oan/iguration of the read control compcment 
reptessnted at block 204 may occur prior to any of blocks 211, 212, 202, or 
203. Aa another example^ the coiioypdrison at block 206 may occur 
substantially sixnultaneonsb^ with the xeads and updates execiii^d at block 205. 

[0035] Aspects of the present Inveniion have been ilhssbated and 
described in detail with reference to particular embodiments by way of 
example only, and not by way of Itmitaiion. Hv>m of skill in the art will 
appreciate that various modifications to tho disclosed emboduncnts are witliin 
the scope and oontemplation of the present disclosureu Therefore* it is 
xntondcd that the invcailion be confdderod as bmiled only by the scope of the 
mpendfid claims. 
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WHAT IS ci.Anvneo is: 

1 . A method of controlling li ftamc tate; the Dicthod comprising: 
iwijting source data to a bu£Ebr and iqxkting a wrrio pointer; 
reading the source data from tho buffer and updating a read pointer; 
campdring die wxito pointer and the read pointei; und 

adjusting a ficqucncy of the leading rcspomfve to the compuring. 

2. The locOujd of claim 1 fiirtfaer coiuprising: 

receiving, an anaiog imagp aotinio stgnol fiom an imago bouxcc; and 

« 

generating the soiu^ce data by convertiiig ihc image source sigmal to 
digital fbrm. 

3. Tho method of chdta 1 wherdn the ivtitin^ comprueis Tvriting 
the souxce data to tho buffer ai an image source freqnency. 

4. The mettod of clahn 3 wherein the reading comprisea reading 
the soim;o data fiom the bu£{er at a display frequency. 

5. The method of claim 4 wherein the adjusting comprises 
configorSng a read control component to read the somcc data from tho bul&r 
at tite image sonrco frequency. 

6. The method of claim I wherein the comparing coinpri»es 
detecting a buffer overflow cmdition. 
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7. The method of claim 6 wl^erein th« adjusting comprises 
selecting a J&oqucoicy of the leaduig to correct Iho buiTur overflow condition. 

8. The method of claim 1 wbcrem the comparing coinpri$«$ 
detecting 8. builer nndcxQow condition. 

9. The method of cldtm 8 wherein the adjnsiiDg comprises 
selocting a frequency ojf the roading to cozrect the buffer tmdecflow condttionu 

10. The tnothod of claim 1 furlhor conqnising modifying the so^irce 
data In accordance with cs^abilities of a display device. 

Ill The method of claim 10 wherein the modxiying comprises 
applying a scaling algcdthm. 

12. A frame rate control ^tem comprising: 
abulXer; 

a'wiite control oomponent configured to write daUk frames to the bustier 
according to a wito poLnter; 

a read control component configured to read the data fiamycti fixon tho 
buffer at a reading fi^quency and according to a read pointer; and 

a fraquency cacunolicir coniigured to detemune a relation between a 
value of the write poinler and a value of the Tead pointer and to indicate 1h& 
jeading fiequency based on the determined relation. 

1 3. The system of claim 12 further compri&tng: 
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a ficaler operative to modify the data frames m accordance with 
0£q7abitities of a display devlca 

14. The system of olaim 12 whocm the Teading frequency is equal 
1o the soiffce signal frequ^aoy. 

15. The system of claim 12» v^erem the Ijreciuency contmller 
indudea: 

a detector configured to detect a bufiTer overflow condition or a buffer 
undertow ooitditkm based upon the doflermined tvlntion. 

16. Tb0 Bystem of claim 15 whoxcin tbe detector' is ^axihcr 
operativo to output a first signal x^sponsive to the buffer overtlow condition 
and to oitlpot a second signal responsive to Ihe bul!cr underflow condition. 

17. Tho system of claim 16 whcirein the ircquoicy oontitoller is 
configured to indicate the reading fi^qncncy in accordance with one of tbe 
first sigoal and the second signal. 

18. The system of cJaim 12, wherein the frequency contioUer 
inoiudes a ficsquency control element configured to control the read control 
coii^Kment to read the data firamoa at tho reading firequency. 

19. Iho system of claim 18 wherein the frequency control element 
oomprisos a phase locked loop, 

20. The system of claim 18 wherein the frequency control element 
is configured tc Kyjpond to both a buffer overflow condition and a buffer 
underflow condition. 



) > 
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21. A meUiod of controlling a £:amc rate of a display signai for a 
destination video display device dhc method comprising: 

receiving an image aoiijice cngnal comprlsuig source data; 

\mtiBg tht source data to a buflor at a source fiequency and updating a 
write pointei; 

reading the source data iimm thje buffer at a display irequency and > 
updating a read pointer; 

comparing Infoxmadon related to the write pointer and Information 
related to the read pointer; 

' responsive to the comparing^ detecting one of a buffer overflow 
condition and a bntBar underflow condition; 

modiiyiag dxo source data in accordaoco with c^abiHtics of the 
destination video display device and 

responsive to the doCocting. adjusting dijfpiay fiequency in 
accordance wi& the detected condition. 

22; The mettiod of claim 21 wherein the imago source aigna] is 
analog, and furtficr com^sing generating tlic source data by convcsrting the 
image source signal to digital fomi. 

23, The method of claim 21 wherein the adjusting comprises 
oonfiguriuig a read control component to read the source data fxom the buffer 
at a selected one of a plurality of display frequencies supported by the 
destination video dlsp]siy device. 
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24. The method of claim 23 wherein the adjustijng compmes 
icIontiQaug one of the plurality of display finequencies to correct the deiecled 
condition. 

25. Tho method of claim 21 whe^rem the modifying comprises 
a]7plying a scaling d^rithm. 

26. TKq nMTtfaod of clmm 25 i^ierem the a<yu$tvng is a Hmction of 
tho detecting and the xnodijgdng. 

27. Tho method of claim 21 whencin tlio adjuMxng compiises 
iitiliziiig a phase locked loop. 

28. The method of chum 21 wherein thu desHnaiion display device 
is a liquid crystal display, 

29^ The method of claim 24 whecein the aijyuatini^ comprises 
increasing tho display frequency TesponMve to a bnf)!br ovedilow condition and 
demasing ihc display firequ«icy resprasive to a bu£to underflow condition. 

30. The tni^thod of chixm 26 wherein the adjusting comprises 
increasing the <ijl<splay ftequency when the modifying compiises adding data to 
the source data and deoreaaing tho display frequency wlien the modifying 
comprises deieting data &om the source data. 

31* A fi-ame xoie conhol system configaied to provide display 
signals to a video display device; the systezn con^stdsing: 

a source signal interface configured to receive an image sonn?e signal; 
a buffer; 
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o write conlTol component configured to vnito data ftanies of tiie unage 
soiuce signal to the buSer uccoxding to a write pointer; 

a read contxol component oonfiigured to read l!io data framcxs ficom the 
buf&r at a reading fineqiiency and accozding to a read pointer, and 

a firequtstioy cODtroller configured to determine a rtslaiion between a 
value of ihe write pointer and a value of tbo read pointer and to indicate tiie 
reading firequency based on the detennined relation* 

32. The system of claim 3 1 iiizfhcr comprising; 

a scaler operative to modify iho data fi'ames in acccnttanco with 
capabilities of the video display device. 

33. The system of claim 31 wherdn the reading fieqnency is equal 
to a fiequency of tho imas^ souiw signal. 

34. llio system of claim 31» \^^ierotn tho fteqaency rontroller 
includes a ftcHquenoy contiol element cooiigured to control the read centred 
component to read tlie data firamea at the ieadiic\g fluency. 

35. The system of claim 34 wherdn the fiequency control element 
comprises a phase locked loop. 

36. The system of claim 31, wlmrein the frequency controller 
includes: 

a detector confii^utod to detect a buffer overflow condition or a buf^ 
underflow conditioii based iQKm Ihe detennined relation. 
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37. The system of claim 36, wherein the ftequency controller 
hieludes a frequency coxrtrol dement configured to coatiX»1 tiie i^M cuBtrol 
component tn mad the dnta frames at the jroaditig fnsquency, uml 

^vhorelzi the ftequency control element is responsive to signals recdved 

« 

ifom fho dot^sctor lepresfieiitallve of the buHbr overflow condition or Uie bufiT^ 
imdierflaw coiuUtion. 

38. A comparer readable mediuca encoded with data and computer 
executable ioslructions Ibt controUuig a fitime rate of signals for a display 
device^ the data and inshruetiona caasing an apparatus executing the 
instmctions to: 

wnte video frame somce data to a bntlfer at a sounio frequency and 
iqxiate a wcito pomlcr; 

read the souroc data from the bufTcr at a di^lay irequeiicy and update 
araadpoidier; 

compare the write pointer to Ihe read pointer; and 

responsive to a companion of the wnte pointer and the read pointer^ 
at^iist the display ficquemsy. 

39. The computer readable medium of claim 38 further encoded 
with data and compator exccutal^c instructions causing an i^paratns eKecuting 
the instmctions to: 

receive an analog image source sigttal £noin a soacce; 

convert Uie analog hnnge source signal to a digital sonrce signal; and 



1 
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generate tJbie video ir<uiie source dala izum the digstaJ source signal. 

40. The compute readable medium of claim 38 furthear encoded 
vdth data aiid. catDpxiter execatable instructions causing an apparntus executiiig 
the instnictianfi to: 

coiifiguro a read control componcat to opotate at a selected ono of a 
ptliraliiy of display liroqiicnciaji siipfported by the display device 

41. Hie computer readable medium of claim 38 farther encoded 
with data and coniputer executable iufitruotloits causing an apparatiui oxuouting 
the fnsbuctioiia to: 

apply a sealing al^rithm operative to modify tho source data in 
accoada&ce witii capabilities of the display device. 

4X The computer readuble medium of claim 38 further encoded 
with data and computsr executable instniodona causliis an agpporatus executing 
the instructions to; 

increase the di^lay frequency responsive to a buffer overflow 
conditioii; and 

decrease the display &equency responsive to a buCfcr undezflow 
condition. 

43. Hie comimter readable modium of claim 41 further encoded 
with data and computer executable InstiucticHis causing an apparatus qxcoUj og 
the histroctions to: 
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tacreose tiie display irequency when liie scal)i\g algorithm adds data to 
the souncc datA; mid 

{lecurease the di^lay iiequency y/hen the scaling algoxiffim deletes data 
from the soarcc data. 

44. A luediod of video signal processitig, said method compdsiag: 
^tms^ video data to a buG^; 

reading a portion of the video data fin>ni the buffer; and 

Inusferrmg » display dfiiiat based oa flie portion of tiie video data to a 
display devioe, 

whcrehi a frequency of the display ai^al Is based on aa as^ount of 
video data that has not yet beea read iStom the biif&r, 

45. Hie method of video aigtml processing according to claim 44, 
said method coniprising detecting ojie of an overflow and an underflow 
condition of the buJTtir. 

46. The method of video sigpaJ processing according to claim 44^ 
whcxt^in (he display signal is based on a scaled version of the read video data. 

47. Ibe method of video signal piocessmg accjording to daim 44» 
wtierein the frequency of the display signal is indicated by a phase-locked 
loop. 
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